Compared with other regions, air pollution in North China is very serious, especially its levels of fine particulate matter, which are closely associated with the concentrations of polluting gases, such as nitrogen oxides, sulfur oxides, organic gases, and ozone. Fine particle pollution has been studied in-depth, but there is less known about ozone. This paper focuses on 10
In contrast, levels in July 2016 accounted for 11.91 % of the whole year. Because of the increase in O3 pollution incidents in North China, now occurring during most summers, we focused our study on the summer period. In addition to O3 distributions,
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we also discuss several other relevant pollutant gases and meteorological factors. Their potential to affect O3 is analyzed to evaluate their various contributions to its spatial and temporal changes in O3 distribution.
Temporal and spatial distributions of other components

Nitrogen dioxide
There are many types of nitrogen oxides (NOx), several of them causing air pollution, especially nitric oxide (NO) and NO2 (Brown et al., 2003; Foy et al., 2015) . Except for NO2 , most nitrogen oxides are extremely unstable. Under intense light, moisture or heat, they are converted into NO2 (or NO, which in turn is converted into NO2). Therefore, the nitrogen oxides in the atmosphere are mainly these two species, having a final form of NO2. Therefore, over long periods, the amount of NO2 and the total amount of nitrogen oxides are basically the same. According to previous research, there is a positive correlation between atmospheric NOx and O3 concentrations (Scholz and Rabl, 2006) . The formation of tropospheric O3 requires a series 
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Conclusions
Based long-term statistics, the tropospheric O3 content of North China is highest in summer (from June to August), accounting for about 33 % of annual amounts, with highest levels in July (Table 1) . Tropospheric O3 column concentrations for July are increasing annually in North China. Near the ground, such periods have been associated with increasing O3 pollution incidents.
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In contrast, the winter period (from December to February) has the lowest O3 content, accounting for about 18 % of the whole year.
Here, we analyzed temporal and spatial changes of several key atmospheric components to evaluate their impact on O3
formation. Changes in NO2, SO2, and CO were not consistent with changes in O3 levels in July. Acid gas emissions (NO2 and SO2) decreased annually, while O3 has been increasing annually, suggesting that NO2 and SO2 are not causing O3 pollution to 25 increase. Similarly, there was no obvious increase related to levels of CO. One of the main uncertainties linked to O3 formation is the impact of the emission of organic gases. We considered both CO and HCHO in this study. 
